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I. Background of the Invention 

A. Field of the Invention 

[0001] This invention relates to fuel cells. 

B. Description of the Related Art 

[0002] Fuel cells are energy conversion devices that use hydrogen as a fuel and 
oxygen as an oxidant to generate electricity without combustion and without harmful 
emissions. The voltage and current output of a fuel cell system depends on the number 
of cells in the stack, total active surface area, and efficiency. The basic process, for a 
single cell, is shown in Figure 1. 

[0003] Traditional fuel cell stacks are made of many individual cells 10 which are 
stacked together. See Figs. 2, 3 & 4. Such fuel cells typically have a bipolar separator 
plate (BSP) 12 typically made of machined graphite, a membrane electrode assembly 
(MEA) 14, gaskets 16, 18, a fuel manifold 24, and may have oxidizer and a coolant 
manifolds. See Figs. 3 and 4. 

[0004] For the proper operation of fuel cells, the hydrogen gas must be sealed inside 
the cell and separated from the gaseous oxidant (air or oxygen). In some fuel cells, 
cooling is required because of the heat generated during normal operation. This heat is 
commonly removed from the fuel cell stacks by liquid cooling, commonly using water 
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as a coolant. 

[0005] Additionally, it is critical that the BSP 12 be in intimate, continuous electrical 
contact with the MEA 14. 

[0006] As shown in Figs. 2 & 4, fuel cell stacks have typically used a "filter-press" 
structure, where thick and heavy "end plates" 32, 34 are placed at the ends of each fuel 
cell stack 10 and are held together by heavy tie-rods, or bolts 38 and nuts 40, or other 
fasteners. 

[0007] The "filter press" structure is an attempt to serve two purposes: (i) sealing the 
hydrogen, the oxidant, and the liquid coolant, if used, and (ii) maintaining intimate 
electrical contact between the BSPs 12 and the MEAs 14. see Figs. 2 and 4. Disassembly 
and analysis of fuel cell stacks built by traditional methods reveals that the "filter press" 
arrangement performs neither function very well. Such analysis has revealed evidence 
of incomplete electrical contact between BSPs 12 and MEAs 14, resulting in poor 
electrical conduction and lower cell performance. The analysis has also shown evidence 
of gas and liquid leakage. 

[0008] To address the difficulty in maintaining electrical connection, the inventors of 
the present patent have developed a system of independently acting electrical contacts 
that robustly maintain contact between the BSP and MEA. These contacts are described 
in U.S. application serial number 10/068,154. That patent application is incorporated 
herein by reference as if set out in full. 

[0009] As explained below, the present invention is a further improvement that 
allows even better electrical connection between the BSP and the MEA. 

II. Summary of the Invention 

[0010] The present invention concerns a single laminar electrical contact or an array of 
independently-acting laminar electrical contacts within a fuel cell stack. This invention 
improves fuel cell operation by providing substantially uniform internal load 
distribution to apply a uniform electrical contact across the MEA. 
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[0011] In one embodiment of the invention, the electrical contact is a lamina which is 
pressed against an adjacent fuel cell electrode by means of compliant electrical contacts, 
which can take a number of forms. The compliant electrical contacts can be connected 
to a conducting base plate or BSP and the lamina in a number of ways, including 
electrical, mechanical or metallurgical connections, or combinations thereof. 

[0012] The laminar contacts can be arranged in a regular pattern, providing 
substantially uniform distance between contact surfaces, or they can be arranged in an 
irregular pattern, providing a nonuniform distance between contact surfaces. The 
contacts can be made of many conducting substances, including but not limited to alloys 
of iron, copper, gold, silver, platinum, aluminum, nickel, chromium, and combinations 
thereof. 

III. Brief Description of the Drawings 

[0013] Figure 1 is a schematic representation of the basic conventional fuel cell process. 

[0014] Figure 2 is a perspective view of a conventional PEM fuel cell stack. 

[0015] Figure 3 is an exploded perspective view of a single conventional PEM fuel cell. 

[0016] Figure 4 is an exploded perspective view of a conventional PEM fuel cell stack. 

[0017] Figure 5a is a perspective view of a single unitized bipolar separator plate 
showing the laminar electrode contact according to an embodiment of the present 
invention. 

[0018] Figure 5b is a reverse perspective view of the single unitized bipolar separator 
plate shown in Figure 5a. 

[0019] Figure 6 is an enlarged perspective view of the single unitized bipolar separator 
plate depicted in Fig. 5a. 
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[0020] Figure 7 is a top view of a stack of unitized bipolar separator plates according 
to an embodiment of the present invention showing the lamina of each cell in contact 
with the MEA of the adjacent cell. 

IV. Detailed Description 

[0021] The present invention is a laminar electrical contact for use in fuel cells. The 
purpose of the laminar electrical contact is to optimize the area of contact between the 
BSP or other electrical contact and the MEA. By optimizing the contact area, overall fuel 
cell performance and efficiency is improved. 

[0022] The laminar contact of the present invention can be used with many different 
kinds of fuel cells. For instance, the present invention can be used with proton 
exchange membrane fuel cells (PEMFC), alkaline fuel cells (AFC) or phosphoric acid fuel 
cells (PAFC). For purposes of this patent, "lamina" refers to any thin plate, sheet, or 
layer for improving electrical contact between cells of a fuel cell stack. 

[0023] This patent describes one particular embodiment of the present invention, 
using an integrated and modular fuel cell similar to the fuel cell described in the U.S. 
patent application with serial number 09/ 834,389. That patent application is 
incorporated herein as if set out in full. 

[0024] In the fuel cell module 50 embodiment described herein, a thin metal BSP 52 is 
used instead of a traditional graphite BSP. See Figs. 5a, 5b, 6, & 7. Although the present 
invention can be used with traditional BSPs, more typically the present invention would 
be used with thin metal plate BSPs as in the present embodiment. 

[0025] As shown in Figs. 5a, 5b, 6, & 7, the fuel cell module 50 of this embodiment has 
a single thin metal plate BSP 52, onto which the MEA 54 and reactant manifold 56 are 
assembled into modular units 50 prior to being incorporated into complete fuel cell 
units (stacks) 80. See Figs. 5a, 5b and 7. In such a stack 80, as shown in Fig. 7, the BSPs 
52 may contain a reactant flow pattern, and the MEAs 54 may or may not have an 
incorporated diffusion layer, as well as separate diffusion layers if needed. 
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[0026] The modules 50 also may have an adhesive or an adhesive backed gasket or 
seal 58 and manifold seals or adhesives 60 See Figs. 5a and 5b. Other features depicted 
in the figures include tie rod holes 62, reactant passageway 64, and edge seal 66. 

[0027] Additionally, the embodiment depicted in Figs 5 through 7 has compliant 
members 70 and the lamina 72 for maintaining electrical contact between the BSP 52 
and the MEA 54. In the embodiment shown, the compliant members 70 are springs. 
An array of these compliant members 70 are attached to each BSP 52. See Figs. 5a, 6, 
and 7. 

[0028] As shown in Figs. 5a, 6, and 7, the lamina 72 is attached to the array of 
compliant members 70, distal from the BSP 52. The compliant members 70 press the 
lamina 72 into intimate contact with the adjoining MEA 54, thereby assuring continuous 
electrical contact with the adjacent BSP 52, as depicted in Figure 7. Because of the 
compliant members 70 and the lamina 72, fuel cell stacks made according to the present 
invention do not require the heavy end plates and tie rods, and the massive 
compressive forces required in traditional fuel cell stacks. 

[0029] The lamina 72 may have apertures 74 to facilitate gas flow in the fuel cell 
module. See Figs. 5a and 6. These apertures can be a variety of sizes and shapes, 
ranging from small holes to large slots many inches long. With these apertures, the 
lamina 72 not only improves electrical contact as described above, but also beneficially 
increases the turbulence of the cathode air as it flows over the surface. 

[0030] The laminar electrical contacts approach of the present invention is not limited 
by the size or shape of the application. The lamina is usually between 0.005" and 0.100" 
high. The forces (e.g. contact pressure) on the lamina within the cell are usually 
between about 10 and 1000 pounds per square inch, depending on the configuration as 
described herein. The lamina may be as small as 1/4" x 1/4" (for very small, light, 
portable devices such as video cameras, movie cameras, etc.) to the large sizes required 
for homes, businesses, large buildings, or even small cities. 

[0031] The lamina 72 of the present invention may take the form of a single plate, as 
shown in Figs. 5a, 6, and 7, or the lamina may be an array of independently acting 
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laminae, each of which is attached to a subset of the array of the compliant members. 

[0032] A variety of materials may be used for such laminar electrical contacts. 
Stainless steel or stainless steel with gold plate are obvious choices due to its resistance 
to the high humidity atmosphere associated with fuel cell operation and its corrosion 
resistance. The lamina 72 may be of other material familiar to those skilled in the art. 

[0033] A preferred method of fabrication is to etch or stamp the metal-conducting 
lamina 72. The lamina 72 may be formed by other methods familiar to those skilled in 
the art. The lamina 72 then may be attached to the compliant members 70 by welding, 
brazing or soldering or via pre-applied solder paste and soldered using conventional 
electronic circuit board manufacturing equipment and techniques or may be solely in 
mechanical and electrical contact. The compliant members 70 may be attached to the 
BSP 52 by welding, brazing or soldering or via pre-applied solder paste and soldered 
using conventional electronic circuit board manufacturing equipment and techniques or 
may be solely in mechanical and electrical contact. 

[0034] While only a few embodiments of the present invention have been shown and 
described herein, it will become apparent to those skilled in the art that various 
modifications and changes can be made in the compliant electrical contacts with lamina 
to provide long-term substantially uniform or nonuniform spacing between electrodes 
and consistent electrical contact of electrodes in a fully functioning fuel cell device 
without departing from the spirit and scope of the present invention. Furthermore, the 
dimensions, materials and processes recited herein are for purposes of illustration, and 
are not meant to exclude the use of other dimensions, materials or processes. 
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